Stressor exposure activates the hypothalamic-pituitary-adrenal (HPA) axis and causes 27 elevations in the levels of glucocorticoids (GC) from the adrenal glands. Increasing evidence 28 has demonstrated that prolonged exposure to high GC levels can lead to oxidative stress, 29 mitochondrial dysfunction and apoptosis in a number of cell types. However, melatonin, via 30 its antioxidant activity, exhibits a neuroprotective effect against oxidative stress-induced cell 31 death. Therefore, in the present study, we explored the protective effect of melatonin in GC-32 induced toxicity in human neuroblastoma SH-SY5Y cells. Cellular treatment with the 33 toxically high doses of the synthetic GC receptor agonist, dexamethasone (DEX) elicited 34 marked decreases in the levels of glutathione and increases in ROS production, lipid 35 peroxidation and cell death. DEX toxicity also induced increases in the levels of cytosolic 36 calcium and mitochondrial fusion proteins. Mitochondrial damage was observed in large 37 proportions of the DEX-treated cells. Pretreatment of the cells with melatonin substantially 38 prevented the DEX-induced toxicity. These results suggest that melatonin might exert 39 protective effects against oxidative stress, mitochondrial damage and cytosolic calcium 40 overload in DEX-induced neurotoxicity. 41 42 43 44 45 46 47 3 65
Introduction

48
Stressor exposure leads to the activation of the hypothalamic-pituitary-adrenal (HPA) 49 axis and induces the secretion of the glucocorticoid stress hormones (GCs; cortisol in human, 50 corticosterone (CORT) in rats), which exert widespread effects on many systems, including 51 the brain [1] . In humans, stress-induced toxicity has been observed in many 52 neurodegenerative diseases, including ischemic infarction [2] . Clinical investigations 53 suggest that patients with Alzheimer's disease (AD) and Parkinson's disease (PD) exhibit 54 higher total plasma cortisol concentrations [3] . Higher GCs levels lead to increases in reactive 55 oxygen species (ROS) production that directly cause mitochondria dysfunction, decrease 56 cellular energy yield, elevate cytosolic Ca 2+ concentrations and alter mitochondrial 57 permeability, which leads to apoptosis in neuron cells [4] . 58 Many studies have provided compelling evidence that mitochondrial dysfunction 59 plays a causative role in neurodegeneration. It has been demonstrated that mitochondrial 60 dysfunctions are caused by imbalances in the mitochondrial dynamics of fission and fusion.
61
[5]. Mitochondrial fission events are required in dividing cells and are also important during 62 differentiation and in response to new energy demands and toxin exposures. Mitochondrial 63 fusion (the process opposing fission) plays important roles in development and cell biology 64 and also plays a protective role in apoptosis [6] . equipped with a 20x fluorite objective. HEt was monitored in single cells using excitation 95 light provided by a Xenon arc lamp. All imaging data were collected and analyzed using the 96 Kinetic Imaging (Wirral, UK) software. All presented data were obtained from at least five 97 coverslips and three different cell preparations. The cells were incubated with 50 µM monochlorobimane (MCB) in HBSS at room 100 temperature for 40 min or until a steady state had been reached before images were acquired 101 for quantitation. The images of the fluorescence of the MCB_GSH adduct were acquired 102 using either a cooled CCD imaging system with excitation at 380 nm and emission at > 400 103 nm or a Zeiss UV-vis 510 CLSM with excitation at 351 nm and emission at 435-485 nm. The cells were loaded with 5 µM C11-BODIPY (581/591) for 30 min. The C11-106 BODIPY dye incorporates into the cytoplasmic membrane and responds to eventual lipid 107 peroxidation by altering its fluorescence properties [17] . C11-BODIPY (581/591) was 108 excited using the 488 nm and 543 nm laser lines, and fluorescence was measured using a 109 bandpass filter of 505-550 nm and a 560-nm longpass filter. All data presented were obtained 110 from four different cell preparations. The cells were grown to the subconfluent stage in six-well plates. The cells were 118 lysed by the addition of lysis buffer and scraped off the plate. The cells were sonicated for 10 119 s and centrifuged for 15 min at 12,000 g. The supernatants were collected and subjected to 120 sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). The protein bands 121 were transferred to nitrocellulose membranes. The membranes were incubated in blocking 122 buffer (5% non-fat dry milk in TBST), and then incubated in the primary antibodies at 4ºC The cells were exposed to 5 µM propidium iodide (PI), which exhibits a red 128 fluorescence. PI is excluded from viable cells and thus stains cells that have lost their 129 membrane integrity. Some cells were exposed to 5 µM Hoechst 33342, which stains 130 chromatin blue, to count the total numbers of cells. This process allowed us to express of the 131 number of dead (red-stained) cells as a fraction of the total number of nuclei that were 132 counted. Total numbers of 100-300 SH-SY5Y cells were counted in 4-5 fields of each 133 coverslip. Each experiment was repeated four or more times using separate cultures. 
Results
149
The effects of DEX treatment on ROS production were investigated in the SH-SY5Y 150 cultured cells. The cells that were treated with 1 and 2 µM DEX for 90 min exhibited with the levels observed in the DEX-treated cells at 0 hr ( Fig. 2A) . The cytosolic green 168 fluorescence calcium staining signals were recorded in SH-SY5Y cells (Fig. 2B ). Thus, 169 treatment with 1 µM DEX for 24 hr significantly increased the cytosolic calcium level 170 compared with the control value. Pretreatment with 0.25 mM melatonin was diminished this 171 DEX-induced increase in cytosolic calcium. Melatonin alone had no effect on cytosolic 172 calcium compared with the control-untreated cells (Fig. 2C ).
173
The effects of DEX-induced alterations of mitochondrial fission (Drp1 and Fis1) and SY5Y cells were exposed to 1 µM DEX for the indicated times with or without pre-treatment 181 with 0.25 mM melatonin for 1 hr (Fig. 3B-C) . However, pretreatment of the SH-SY5Y cells 182 with 0.25 mM melatonin for 1 hr prior to treatment with 1 µM DEX significantly increased 183 the amounts of Drp1 and Fis1 (Fig. 3B ) and significantly decreased the amounts of Opa1 and 184 Mfn1 (Fig. 3C ) compared with the DEX-treated cells, respectively. Melatonin at 0.25 mM 185 alone had no effect on the amounts of either the mitochondrial fission ( Fig. 3B ) or fusion 186 (Fig. 3C ) proteins in the SH-SY5Y cells compared to the control. The protective effects of melatonin on DEX-induced alterations in mitochondrial 188 morphology were examined using transmission electron microscopy (TEM). Control-189 untreated cells exhibited both rod and elongate mitochondrial shapes. The matrix was fairly 190 dark, and the cristae were regularly distributed (Fig. 4B arrows) . The DEX-treated group 191 exhibited electron-dense round, abnormal mitochondrial morphologies (Fig. 4D arrows) and a 192 greater proportion elongated mitochondria shape (Fig. 4C arrows) . Mitochondrial swelling, 193 few remaining cristae and discontinuous outer membranes were also observed in the DEX-194 treated cells (Fig. 4D arrowheads) . Pretreatment with melatonin resulted in normal cristae 195 structures and normal mitochondrial morphologies (Fig. 4E arrows) . the rat substantia nigra [14] , which leads to increases in intracellular dopamine oxidative 208 deamination. Increases in ROS formation by DEX could, at least in part, be due to increases with evidence that has shown that ROS, such as H2O2, increase cytosolic calcium release 240 from intracellular pools, which leads to apoptotic states [21] .
241
More importantly, we demonstrated that melatonin is able to diminish decreases in 242 mitochondrial fission protein levels (Drp1 and Fis1) and increase mitochondrial fusion 243 protein levels (Opa1 and Mfn1) in DEX-treated cells. Melatonin was able to prevent 244 mitochondrial damage and preserve the mitochondrial membrane potential and energy 245 production during cell stress [22] . We also examined the morphological alterations of the 
